ABSTRACT: A mass mortality event of the red coral Corallium rubrum (L.) occurred in the NW Mediterranean region in summer 1999. The main objectives of the present study were to document the mortality suffered by the red coral populations in the Provence region and assess ecological correlates of the mortality which could help to identify the putative agent or agents of the event. The mortality outbreak resulted in partial to complete loss of the coenenchyme. The first observations of red coral mortality in the study area were in early October 1999 and continued until November 1999. To determine the extent of mortality on red coral populations, the incidence (= % colonies suffering mortality) and the virulence (= % coenenchyme loss) were quantified. Twelve surveys were carried out from November 1999 to January 2000. A total of 874 colonies of the 2375 observed showed some mortality. Incidence and virulence differed significantly among surveys. In some cases about 80% of the colonies were affected, while in others only 5% of colonies showed some mortality. Depth had a strong influence on the incidence of mortality. Shallower populations had the greatest incidence, while populations deeper than 30 m depth showed no mortality. However, virulence was similar in the 10 to 30 m depth range. With regard to habitat, the entrances of caves displayed a significantly higher incidence but not virulence than the interiors. Given the life history traits of red coral (mainly slow growth and low recruitment), it seems that recovery from the outbreak will be a long-term process. However, further studies are urgently required to provide basic information regarding red coral population dynamics as a basis for hypotheses on the actual recovery capability of affected populations. The cause of the mass mortality is unknown. However, during late summer 1999, the NW Mediterranean area affected by the mass mortality event experienced high temperatures and hydrographic stability over a period of several weeks. This temperature anomaly could have caused physiological stress or/and triggered the development of pathogenic agents that otherwise would have remained non-virulent. This hypothesis is reinforced by the absence of signs of mass mortality below 30 m depth in red coral populations. Since the NW Mediterranean seems to be affected by the global warming trend, if the temperature hypothesis is confirmed, the long-term consequences of a repetition of this kind of event could severely endanger the persistence of shallow-water red coral populations. 
INTRODUCTION
The Mediterranean red coral, Corallium rubrum (L.) (Gorgonacea: Octocorallia), is essentially found in the western basin of the Mediterranean Sea, although some populations have been reported in the eastern basin and off the Atlantic coasts of Africa (Marchetti 1965 , Zibrowius et al. 1984 , Chintiroglou et al. 1989 . Red coral grows on cave walls, vertical cliffs and overhangs at 10 to 200 m depth (Laborel & Vacelet 1961 , Weinberg 1978 .
Red coral populations have long been commercially exploited, mainly for use in jewellery. Intensive harvesting has caused a severe depletion of most commercial stocks . In spite of being a commercial species, little is known of the biology of red coral. The few studies available depict red coral as a long-lived species (decades) with a slow growth rate (Lacaze-Duthiers 1864, Harmelin 1984 , Garcia-Rodriguez & Masso 1986a , Abbiati et al. 1992 , Allemand 1993 . Red coral is a dioecious species, with short-lived planula larvae (Vighi 1972 , Weinberg 1979a . It seems that red coral colonies reach maturity at a young age (2 to 3 yr) (Abbiati et al. 1991) . Although highly variable, recruitment rates appear to be relatively low, except when new space becomes available through harvesting (Santangelo et al. 1997 , Linares et al. 2000 . These last 2 features have prevented the disappearance of red coral from harvested areas.
Besides human harvesting, natural sources of mortality of red coral include competition for space with sponges and other sessile biota, dislodgement from the substrate due the action of boring species (Harmelin 1984) or seismic movements (Di Geronimo et al. 1994) , predation by the small gastropod Pseudosmnia carnea and the crustacean Balssia gasti (Abbiatti et al. 1992) , and sedimentation increase. In general, these factors usually appear to have a limited impact on red coral populations.
A mass mortality event affecting red coral occurred in the NW Mediterranean region in summer 1999.
Besides red coral, 27 other species of marine invertebrates including gorgonians (Paramuricea clavata, Eunicella singularis, E. cavolinii) and sponges (e.g. Spongia officinalis, Cacospongia scalaris) were affected (Cerrano et al. 2000 , Perez et al. 2000 . Populations of sessile invertebrates were affected along the NW Mediterranean shore from the Bay of Genoa in Italy to the Bay of Marseilles in France. The range of coastline affected may in fact have been even more extensive, since complete information from southern Italy and from the southern and eastern parts of the Mediterranean was unavailable. The only 2 precedents for recent mass mortality events of sessile biota documented for the Mediterranean concerned deep populations (80 to 200 m) of red coral and gorgonians along the coast of Provence in 1987 (Rivoire 1991 , Arnoux et al. 1992 , and sponge populations in the western and eastern basins of the Mediterranean in 1986 to 1990 (Vacelet 1990 ). Thus, taking into account the number of species affected and the geographic scale, the 1999 mass mortality event could be considered as the biggest event of this kind ever recorded for Mediterranean coastal habitats. The putative agent of the mortality has not been identified. It seems, however, that a temperature anomaly registered during late summer 1999 (Perez et al. 2000 , Romano et al. 2000 could be either a main factor, causing physiological stress, or a triggering factor, favoring the development of pathogenic agents. Various studies are under way to identify the possible causes of the outbreak.
The objectives of the present study were to document mortality suffered by the red coral populations in the Provence region and to assess ecological correlates of the mortality which could help to identify the putative agent or agents of the event. Finally, the density and size structure of 6 red coral populations were quantified to provide demographic insights into the effects of and recovery from the mass mortality.
MATERIALS AND METHODS
Study area. The study sites are located along the rocky coast between Carry-le-Rouet, west of Marseille, and La Ciotat, covering a distance of about 50 km (Fig. 1) . This region is characterized by the frequent occurrence of submerged cavities and overhangs at shallow depths which favors the development of Corallium rubrum (Laborel & (Laborel & Vacelet 1961) . Mortality incidence and virulence. Most red coral colonies have a typical erect growth habit with fairly developed branching. However, colonies with a wide encrusting base and several erect branches may occur. In our study, each upright branch was counted as a unit, since enumeration of encrusting parts was not always possible because of the high density of branches and overgrowth over the encrusting parts. However, when possible, we also noted when branches belonged to the same encrusting base. Our data showed that each sample comprised at least 100 distinct colonies. For greater clarity, we will here use the term 'colony' to refer to an individual branch.
To determine the extent of mortality on red coral populations in the Provence region, data on the incidence (i.e. percentage of colonies affected: dead or suffering partial mortality) and the virulence (i.e. degree of mortality within each colony) were noted. Virulence was estimated as the percentage of tissue loss (coenenchyme) according to 5 classes from 10 to 100% (10-24, 25-49, 50-74, 75-99, 100%) . In affected colonies, the condition of the skeletal axis was classified into 1 of 3 categories: (1) denuded axis, (2) recent epibiosis (e.g. hydroids, small serpulid polychaetes) or (3) ancient epibiosis (e.g. encrusting bryozoans or sponges). Twelve surveys were carried out to quantify the extent of mortality from November 1999 to January 2000 using SCUBA diving. In each survey, a minimum of 100 colonies were sampled, with more than 2000 colonies observed overall. During each survey the state of colonies was recorded along a random punctuated strip transect (width 10 to 15 cm). To avoid bias resulting from possible patchiness of mortality, observations of 5 to 10 colonies were made at non-contiguous, randomly distributed sections of the transect. The initial and final depths of the transect were noted to calculate the average depth for the survey.
Surveys to quantify the extent of mortality were restricted to sites shallower than 30 m (13 to 26 m; Table 1 ). However, we made 14 observations of populations deeper than 30 m (30 to 60 m) that documented the absence of mass mortality below this depth (Perez et al. 2000) . Furthermore, because of the urgency of the data collection, we decided to concentrate our efforts of quantification on the affected populations. Seven sites were selected with the aim of encompassing the full range of habitats inhabited (entrances and interiors of the caves and overhangs) by the shallow red coral populations in Provence (Table 1) .
Population structure. The density and the size of colonies were recorded in 2 habitats at 3 sites (Table 1) together with the assessment of mortality rate. Density was measured in randomly placed 16.5 × 16.5 cm quadrats. At least 20 quadrats were sampled, resulting in a total sampled area of about 0.5 m 2 per survey. The size structure of the red coral populations was assessed by measuring the height of all colonies (2 mm accuracy) within the quadrats used for density assessment. Finally, permanent marks were made on the rocks near the areas sampled to relocate areas surveyed for future monitoring. These data provide baselines on density and size structure, as well as making it possible to explore the relationship between size and degree of tissue loss.
Statistical analysis. Because of the low colony numbers for some categories of degree of tissue loss, data were pooled into 3 new categories: dead (100% tissue loss), affected (from 10 to 99% tissue loss), and nonaffected (0 to 10% tissue loss). Homogeneity tests were used to determine differences in incidence and virulence between surveys and the possible effect of depth, habitat and colony size. To examine incidence (frequency of colonies suffering whole or partial mortality), homogeneity tests took into account 2 categories: the sum of dead and affected colonies versus the number of unaffected colonies. For the virulence analysis, homogeneity tests compared the different frequencies of affected and dead colonies. Since the goal of these analysis were to identify the putative agent or agents of the mass mortality, data from Carryle-Rouet were not taken into account in the analysis because this site showed no sign of mass mortality. 
RESULTS

Description of mortality
Mortality in Corallium rubrum resulted in partial to complete loss of the coenenchyme, and thus in partial to complete denudation of the axial skeleton of colonies, without apparent loss of skeleton material (Fig. 2) . Necrosis location did not follow any specific pattern, i.e. lesions were observed in all parts of the colonies from the tips to the bases. The first observations of red coral mortality in the study area were recorded in early October 1999 and continued until November 1999, when the outbreak stopped.
Incidence and virulence of mass mortality
40.2% of colonies (874 of the 2174 colonies observed in the affected sites) showed some mortality. In the geographic range examined there were great differences in the incidence of the mortality between surveys. In some surveys, about 80% of colonies were affected, while in others only 5% of colonies showed some mortality (Fig. 3 ). These differences were statistically significant (χ 2 = 590.0; df = 10; p < 0.001). It is remarkable that only Carry-le-Rouet was not affected by the 1999 mortality event. Virulence was also highly variable, as reflected by the proportions of colonies totally dead and those suffering partial mortality, which varied widely between surveys (Fig. 3) . The differences were again statistically significant (χ 2 = 63.8.5; df = 10; p < 0.001).
Epibiosis of colonies
In most colonies suffering partial or total mortality, colonisation of the denuded axis by macroscopic biota was lacking or limited to pioneer stages such as foraminiferans, hydroids, spirorbs or small serpulids; only 6% of the affected colonies displayed later stages of colonisation (e.g. sponges, large serpulids and thick bryozoan colonies) corresponding to necroses initiated long before summer 1999 (Fig. 4) . Surveys numbered as in Table 1 Fig. 2. Corallium rubrum. Colony affected by mortality 6 mo after the outbreak. 1: coenenchyme; 2: denuded axis; 3: epibiont organism In general, the condition of the axes was fairly homogenous within surveys, i.e. most axes at any site were either denuded or recently colonized. However, large intersite differences in axis condition were observed (data not shown), probably reflecting timing of the onset of mortality, local recruitment conditions (e.g. cryptic versus open habitats), and availability of propagules capable of colonizing the denuded axes.
Environmental factors which could affect development of the mass mortality event Depth. To examine the effect of depth, data were pooled into 2 depth ranges: 10 to 20 m (6 surveys) and 20 to 30 m (5 surveys). There were no statistical differences in incidence or in virulence between the depth ranges examined ( Fig. 5 ; incidence: χ 2 = 1.8; df = 1; p = 0.2; virulence: χ 2 = 1.7; df = 1; p = 0.2). However, red coral populations deeper than 30 m did not show any sign of damage. Unfortunately, data from these deep sites were not quantified due to field-work restrictions (see 'Materials and methods').
Habitat. To examine the possible effect of habitat, data were pooled into 2 groups: entrances (6 surveys) and interiors (4 surveys) of caves, and analyzed for differences in incidence and virulence. Incidence was significantly higher in the entrances of caves than in the interiors ( Fig. 5 ; χ 2 = 13.8; df = 1; p < 0.001). However, virulence was not significantly different, with similar proportions of dead and affected colonies in both habitats ( Fig. 5 ; χ 2 = 2.1; df = 1; p = 0.2).
Population structure: density and colony size
Besides degree of tissue loss and axis condition, measurements of colony density and height were obtained for 6 populations ( Table 2 ).
The lowest mean heights were found in the interiors of the 3 caves surveyed (1.6 and 2.3 cm), while the highest mean heights values were recorded in the entrance of the caves of Figuier and Grotte Pérès (~4 cm: Table 2 ). Maximum and minimum colony heights were 10 and 0.2 cm respectively. Height distribution followed a log-normal pattern in most study sites, with a peak within the 2 and 3 cm size classes and a progressive decline below and above this, up to 10 cm (Fig. 6 ).
Effects of mortality on colony size
Data on colony size were pooled into 3 size classes: <3 cm, 3-6 cm and > 6 cm. An homogeneity test revealed significant differences in the incidence and the virulence of mortality between size classes. Medium and large-sized colonies suffered higher incidence (about 45% of colonies) than small colonies ( Fig. 7; χ 2 = 31.5; df = 2; p < 0.001). However, an inverse pattern emerged for virulence, with large colonies showing the lowest virulence; only about 17% of colonies suffering complete mortality. Small colonies displayed highest virulence, with about 50% of damaged colonies suffering complete mortality. This difference in virulence was significant ( Fig. 7 ; χ 2 = 26.4; df = 2; p < 0.001).
DISCUSSION
red coral mass mortality and recorded precedents
The 1999 mass mortality event affected the Corallium rubrum populations at all sites surveyed along the 50 km of coastline in the Provence region, with the single exception of Carry-le-Rouet. The incidence and the virulence of the mortality were very heterogeneous between sites (Fig. 3) . At affected sites, lowest incidence recorded was at least 10% of colonies. Unfortunately, no baseline data on the degree of necrosis in red coral were available for comparative analyses. However, most surveys were carried out in sites that are regularly monitored for other research purposes (e.g. natural heritage evaluation of Marseilles' coralligenous sites in 1998; Harmelin & Sartoretto unpubl. data), and signs of exceptional mortality had never been noticed before the outbreak. For this reason, Carry-le-Rouet (site free of mass mortality) can be considered as a reference site for comparing degree of necrosis. At this site, only 0.1% of colonies showed partial mortality and no colony suffered complete mortality. These data strongly contrast with values from surveys of the other sites, underlining the dramatic effects of the 1999 mortality outbreak in the red coral populations.
Red coral from the other NW Mediterranean areas affected by the sessile invertebrate mass mortality event of summer 1999 also suffered mortality. Available information shows that shallow populations in the area around Nice (France) suffered extensive mortality (P. Francour pers. comm.). Further east, reports from the Gulf of Genoa (Cerrano et al. 2000) and Elba Island (Italy) indicated that populations were only marginally affected (G. Santangelo pers. comm.), probably because of their deeper distribution (30 to 35 m). Finally, areas west of Marseille (beyond Cape Couronne), southern France, northwestern Corsica (Scandola) and northeastern Spain did not show any signs of mortality. The only recorded precedent of red coral mass mortality comparable in geographical range and virulence concerned deep populations (> 80 m depth). This mass mortality was reported in 1987 in deep reefs between Marseille and Nice (Rivoire 1991 , Arnoux et al. 1992 ). These observations were confirmed in 1990 by Arnoux et al. (1992) . In shallow populations (above 20 m depth), the only case of extensive damage concerned a mortality event at La Ciotat in summer 1983 (Harmelin 1984) .
Consequences of the 1999 mass mortality
Data on the population structure (density and size) of Corallium rubrum are scarce. The density of colonies 268 Fig. 7 . Corallium rubrum. Effect of size on mortality and partial mortality. Data pooled from all surveys where size was measured (see Table 1 ) Fig. 6 . Corallium rubrum. Height distribution frequencies at the 6 sites where height and density were measured (see Table 1) at our study sites varied between 229 and 610 colonies m -2 (Table 2) . These values are similar to (Marchetti 1965 , Cattaneo-Vietti et al. 1992 or 2-to 6-fold higher than those reported for other areas of the NW Mediterranean (Marchetti 1965 , Weinberg 1979b , Harmelin 1984 , Linares et al. 2000 , except for the population at Calafuria (Italy), where densities reached more than 1000 colonies m -2 (Santangelo et al. 1997 . Data on height distribution reported here are close to those reported for similar habitats (Santangelo et al. 1988 , Santangelo & Abbiati 1989 . As in the present study, Santangelo et al. (1988) found that height distribution followed a log-normal distribution pattern. Such pattern could result from harvesting pressure on the larger sized coral and/or recruitment limitation for the smaller-sized coral (see below).
Mortality had a differential impact, depending on colony size (Fig. 7) . Incidence was lower in small colonies than in medium and large colonies. However, small colonies also suffered relatively higher virulence, showing higher whole-colony mortality rates (Fig. 7) . It is thought that small colonies usually die completely or are not able to withstand damage arising from a disturbance event because they have fewer reserves of energy or materials to repair tissue loss (Connell 1973 , Jackson 1979 .
Basic information on red coral population dynamics, i.e. growth, reproduction, recruitment and post-settlement mortality, is even scarcer than on population structure. Therefore, it is difficult to hypothesize on the actual recovery capability of affected populations. However, the available data (see below) seem to indicate that recovery from the outbreak will be a longterm process.
Growth
Data on red coral growth are available for only a limited number of populations. Abbiati et al. (1992) and Garcia-Rodriguez & Masso (1986b) estimated growth rates of 0.91 and 1.32 mm yr -1 in diameter respectively. In situ measurements of young colonies over 4 yr by Harmelin (1984) showed that the elongation rate of ramifications was 5.6 ± 1.4 mm yr -1 . These growth rates emphasise the particularly slow growth of red coral in the habitats affected by the 1999 mass mortality event. On the basis of these data, we estimate that most colonies from the affected populations were at least 5 to 10 yr old.
On the one hand mass mortality could enhance the growth of colonies suffering little or no damage because of reduced intraspecific competition for food. On the other hand, growth in colonies with severe damage might be reduced because of the high energetic costs of extensive injury repair. Regeneration mechanisms can rapidly repair small lesions (e.g. 0.1 to 1 cm denuded axis). However, when lesions are greater, healing time increases proportionately to lesion size (van Woesik 1998 . Besides lesion size, the presence of fouling organisms, particularly at secondary successional stages, may considerably limit the likelihood of successful regeneration. Our surveys showed that more than 30% of affected colonies were already colonized by macroscopic organisms (Fig. 4) . In June 2000, most affected colonies were colonized, indicating that regeneration was largely incomplete (J.G. et al. pers. obs.). In fact competitive interactions were observed between red coral and epibionts, as indicated by the presence of sweeper tentacles (usually related to competition; Lang & Chornesky 1988) in polyps situated on the border between colonized axes and live tissue (Harmelin & Garrabou unpubl. data) . Competition with epibionts or the lack of sufficient energetic resources to repair damage could eventually cause the complete death of colonies initially suffering partial mortality, thus extending the effects of the mortality to periods after the actual mortality event.
Reproduction and recruitment
The only way for red coral populations to recover from a disturbance is through sexual recruitment, since Corallium rubrum has a limited capability for asexual reproduction (but see Russo et al. 1999 ). Short-term recovery of affected red coral populations through sexual reproduction seems difficult. Firstly, the reproductive capacity of colonies at severely affected sites would decrease by the extensive loss of living tissue due to whole and partial mortality. In clonal organisms, reproductive capacity is positively related to the amount of total living tissue (Hughes & Cancino 1985) . However, the higher survival rates of small colonies could favor recovery in this way, since these colonies could grow at higher rates and could be sexually mature at a relatively young age (2 or 3 yr old) (Abbiati et al. 1991) . Secondly, the few data available indicate that the recruitment rate is rather low and highly variable between years. In non-harvested areas, it varied from 16 to 32 recruits m -2 yr -1 between 1995 and 1999 (Linares et al. 2000) and from 0 to 12.5 recruits m -2 yr -1 between 1979 and 2000 (Harmelin & Garrabou unpubl. data). Furthermore, the height distribution pattern followed log-normal curves at most of our study sites, suggesting some limitation to recruitment in the populations examined. However, , Linares et al. 2000) . These data may indicate that inter-and intraespecific competition for space is one of the main factors controlling the recruitment of red coral. During the 1999 mass mortality, however, no new space had become available for recruitment, since the dead colonies were still in place. Thirdly, red coral larvae have a low dispersal capability. Genetic studies on red coral populations have revealed high genetic heterogeneity on various spatial scales (from hundreds to tens of kilometers to meters) (Abbiati et al. , 1999 . Therefore, the possibility of populations recovery through settlement of larvae from non-impacted neighboring populations seems to be very unlikely.
From the above data, we conclude that recovery from the outbreak will be difficult, and it could well take tens of years for the affected populations to return to pre-mortality values. Furthermore, the ongoing harvesting of severely damaged populations could make recovery even longer. Harvesting itself removes large colonies (with high reproductive capability) from populations; however, since mortality affected all size classes, larvae supply and subsequent recruitment may be significantly reduced, ruling out the positive relationship between harvesting and recruitment. Nevertheless, since we lack reliable data on red coral population dynamics, it is difficult to predict population trajectories accurately. A major effort will be required to determine the variability in basic red coral population functions to better fit our predictions and eventually suggest management strategies to favor the population's recovery.
Possible causes of mortality
The cause of the mass mortality of red coral and the other 27 species affected during summer 1999 is unknown (Perez et al. 2000) . Preliminary microbiological, biochemical and histological analyses carried out to identify potential pathogens or signs of physiological stress produced no conclusive results. As a general rule, identifying the cause of mass moralities and widespread diseases is very difficult. Analysis of about 12 diseases affecting cnidarians in the Caribbean Sea resulted in positive pathogen identification of only 3 (Harvell et al. 1999) . Despite this, several microorganisms have been linked to widespread diseases: bacteria, fungi and protozoans. On the other hand, many large-scale mortality events have been related directly or indirectly to temperature increases (Harvell et al. 1999 and references therein). For instance, in coral reefs, a correlation between the occurrence of coral bleaching and high seawater temperature has been demonstrated (Glynn & D'Croz 1990 , Hoegh-Guldberg & Salvat 1995 , Berkelmans & Oliver 1999 . Likewise, it has been shown that the infection of a scleractinian species by a bacteria caused bleaching when the temperature was higher than normal (Kushmaro et al. 1996 (Kushmaro et al. , 1997 . During late summer 1999, the NW Mediterranean area affected by the mass mortality event experienced high temperatures and hydrographic stability for a period of several weeks (Perez et al. 2000 , Romano et al. 2000 . These climatic conditions resulted in an increase in seawater temperature during late summer 1999 of about 6°C at 20 m (from 17.3°C in 1998 to 23.1°C in 1999) and the descent of the thermocline from 20 to 25 m to 40 m depth (Perez et al. 2000 , Romano et al. 2000 . This temperature anomaly could have caused physiological stress to species (e.g. by increasing respiration rates), or/and triggered the development of pathogenic agents that otherwise would have remained non-virulent. The temperature hypothesis is reinforced by the absence of mass mortality below 30 m depth in red coral populations. However, since the whole area affected was submitted to the same temperature anomaly (Perez et al. 2000) and we found significant differences in the degree of mortality between surveyed sites, we must consider other factors besides temperature to explain the mass mortality event.
Our results have also shown the degree of mortality to be related to habitat. Populations in the interior of caves were less affected than those at the entrances (Fig. 5) . Cryptic habitats could mitigate temperature changes occurring outside, and offer protection against exposure to pollutants and potential pathogens carried by currents. In the study area, the predominant general circulation off the Provence coasts follows an east to west direction (Northern or Ligurian current) (Ovchinnikov 1966 , Millot 1979 , Bethoux & Prieur 1983 . This differential mortality was related to a greater exposure to pollutants (Arnoux et al. 1992 ). On the deep rocky reefs affected by the mass mortality in the eigties (Rivoire 1991) red coral populations facing the Ligurian current showed higher mortality. Our surveys covered different orientations. However, since the main flow of the Ligurian current is interrupted by coastal topography, it was difficult for us to relate mortality patterns to current exposure. Thus, differences in incidence and virulence between surveys can be related to a differential degree of stress due to the temperature regime and chronic contamination that could have weakened host resistance to the agent(s) responsible for mortality.
Links between mass mortality and diseases and global change
Mass mortality events and widespread diseases have increased during the last few decades in marine habitats worldwide (Harvell et al. 1999 ). This increase seems to be related to the global warming trend and anthropogenic stress (Harvell et al. 1999) . Physical and biological evidence indicates that the NW Mediterranean is also being affected by global warming (Bethoux et al. 1990 , 1998 , Francour et al. 1994 , Astraldi et al. 1995 , Pascual et al. 1995 . Thus, the mass mortality event affecting the red coral and the other invertebrate species could be part of a more general mortality process in marine habitats. The presumed linkage between the mortality outbreak and temperature suggests that new mortality events may occur in the same or other Mediterranean areas in the near future. According to this scenario, the persistence of Corallium rubrum in the shallow-water habitats appears very uncertain. Bearing in mind that it is almost entirely absent from the much warmer Eastern Mediterranean basin (especially in shallow-water habitats) (Chintiroglou et al. 1989 , Barale 1999 , red coral may not be able to survive in an environmental context of high seawater temperatures. Thus, the shallow-water habitats affected by mortality may be evincing one of the predicted ecological consequences of global warming: species disappearance and replacement (Hughes 2000) . Therefore, we contend that monitoring programs of red coral populations and physico-chemical parameters should rapidly be set up to provide the necessary baselines to assess their recovery ability and to quantify changes in their environment. Such programs would serve as a basis for designing adequate management strategies (e.g. suspension of commercial harvesting in shallow waters), would provide further clues to the causes of mortality, and would help anticipate the risk of future outbreaks of mortality.
